NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 




June 30, 1971 


MEMORANDUM 


TO: 


KSl/Scientific & Technical Information Division 
Attn: Miss Winnie M. Morgan 


FROM: GP/Office of Assistant General 

Counsel for Patent Matters 


SUBJECT: Announcement of NASA-Owned U.S. Patents in STAR 


In accordance with the procedures contained in the Code GP 
to Code USI memorandum on this subject, dated June 8, 1970, 
the attached NASA-owned U.S. patent is being forwarded for 
abstracting and announcement in NASA STAR. 

The following information is provided: 

U.S. Patent No. : 3, 325, 749 


Corporate Source : Hughes Aircraft Company 

Supplementary 

Corporate Source : 


NASA Patent Case No . : XNP-03916 


Please note that this patent covers an invention made by an 
employee of a NASA contractor. Pursuant to §305 (a) of the 
NAS Act, the name of the Administrator of NASA appears on the 
first page of the patent; however, the name of the actual 
inventor (author) appears at the heading of Column No. 1 of 
the Specification, following the words "... with respect to 
an invention of. . . . 11 




Gayle Parker 


Enclosure : 

Copy of Patent 


6 (NASA CR OR TMX OR AD NUMBER) 


(CATEGORY) 




'? JAMES E. WEBB 3,3 

ADMINISTRATOR OF THE NATIONAL AERONAUTICS 
AND SPACE ADMINISTRATION 

VARIABLE FREQUENCY OSCILLATOR WITH TEMPERATURE COMPENSATION 


Filed March 11, 1966 


FIG. I 


2 Sheets-Sheet l 


— r. 

SENSOR 

26 

— 4 *- 

P CL~L 

INPUT 

! 

I * 

<=LV 

ASTABLE 




BUFFER 

i ' 

i 

M V 



VOLTAGE 

REGULATOR 

CIRCUIT 


START 

CIRCUIT 


12 

"20 ~i 


OUTPUT 


uu s ru j 

STAGE rt 


v! 


FIG. 2 


TO VOLTAGE 
42 REGULATOR 
— CIRCUIT I 


40 TO INPUT 
BUFFER 


& „ 

^ — « 

C 


f 

- - C , 

"-rf 

V 6? 

B 

Lst e 


/ 



TO TERMINAL 


TO INPUT 
- BUFFER 14 


FIG. 3 


rs/ ^ l „. „ INVENTOR. 
DONALD C. MEAD 
ELLIOTT D. LAWRENCE 

b-wS- 

M fk 

TORNE 







J une 13 , 1967 james e. webb 3,325,749 

ADMINISTRATOR OF THE NATIONAL AERONAUTICS 
AND SPACE ADMINISTRATION 

VARIABLE FREQUENCY OSCILLATOR WITH TEMPERATURE COMPENSATION 
Filed March 11, 1966 2 Sheets-Sheet g 


_I4 




TO COLLECTOR 
OF 32 OR 34 


FIG. 6 


y R S 


:y H 2 




|j>T 

23 

— . 


no 


/ 


OUTPUT VOLTAGE 


BY 


INVENTOR S 
DONALD C. MEAD 
ELLIOTT D. LAWRENCE 

4 ^ 'IJS ^ I 


ATTORNEYS 




United States Patent Office 


3 , 325,749 

Patented June 13, 1967 


1 


3,325,749 

VARIABLE FREQUENCY OSCILLATOR WITH 
TEMPERATURE COMPENSATION 
James E. Webb, Administrator of the National Aeronan- g 
tics and Space Administration, with respect to an in- 
vention of Donald C. Mead, Granada Hills, and Elliott 
D. Lawrence, Van Nnys, Calif. 

Filed Mar. 11, 1966, Ser. No. 535,304 



ABSTRACT OF THE DISCLOSURE 

A variable frequency solid state oscillator which pro- 
vides an output frequency related to an input signal sup- 
plied through an input buffer stage. The buffer stage in- 
cludes a field effect transistor (FET) connected between 
the source of input signal and the oscillator. The gate- 
source voltage properties of the FET as a function tem- 
perature are utilized to adjust the signal supplied to the 
oscillator so that its output frequency is substantially un- 
affected by temperature changes. The buffer stage is also 
used to raise the input impedance of the oscillator to 
above 10 megohms. 


Origin of invention 

The invention described herein was made in the per- 
formance of work under a NASA contract and is subject 
to the provisions of Section 305 -of the National Aero- 30 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435; .42 U.S.C. 4257). 

This invention relates to oscillators and more particu- 
larly to an improved subcarrier oscillator. 

Space exploration has led to the development of a great 35 
variety of devices which can be used to transmit infor- 
mation or data from a space vehicle or satellite to earth 
for interpretation or analysis. Among the devices are in- 
cluded circuits known as subcarrier oscillators which may 
be defined as circuits which produce output frequencies 40 
which are functions of input signals. 

Generally in a telemetry system, a plurality of sub- 
carrier oscillators is included. Each oscillator is designed 
to produce within an assigned bandwidth an output fre- 
quency as a substantially linear function of the magnitude 45 
of an input signal which is generally supplied from a de- 
vice or transducer sensing a particular phenomenon. Since 
a telemetry system includes a great number of oscillators, 
it is advantageous that each oscillator be operable with 
a minimum of power so that the total power requirements 50 
of the system be as low as possible. Another important 
desired characteristic of a subcarrier oscillator is to mini- 
mize its sensitivity to temperature changes so that the 
output frequency be affected only by changes of the input 
signal rather than by environmental changes. It is also 55 
desirable that the input impedance of the oscillator be 
high so that the oscillator can be directly connected to 
the transducer providing the oscillator’s input signal with- 
out materially affecting the transducer’s output voltage. 

Accordingly, it is an object of the present invention to qq 
provide an improved subcarrier oscillator. 

Another object is the provision of a subcarrier oscil- 
lator which is characterized by low power requirements. 

Still another object is to provide a low power subcarrier 
oscillator with an input impedance which is considerably 55 
higher than the input impedances characteristic of pres- 
ently known subcarrier oscillators. 

A further object is to provide a subcarrier oscillator 
whose output frequency is substantially independent of 
temperature changes within reasonable operating ranges, 

Still a further object is the provision of a low power 
subcarrier oscillator which is temperature compensated so 
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that the effect of temperature changes on the output fre- 
quency is minimized. 

Yet a further object is to provide a low power tem- 
perature compensated subcarrier oscillator with a rela- 
tively high input impedance. 

These and other objects are achieved in a subcarrier 
oscillator which includes an oscillator circuit to which 
the input signal is supplied through an input buffer stage 
designed to include a field effect transistor whose gate- 
source voltage properties as a function of temperature are 
utilized to adjust the signal supplied to the oscillator so 
that its output frequency of the oscillator is substantially 
unaffected by temperature changes. The buffer stage also 
includes resistive elements and a transistor connected so 
that the effective input impedance of the subcarrier oscil- 
lator is considerably above ten megohms, which is greater 
than the typical input impedances of prior art: subcarrier 
oscillators. The power requirement of the sub carrier oscil- 
lator is optimized by using a minimum number of com- 
ponents. 

The novel features that are considered characteristic 
of this invention are set forth with particularity in the 
appended claims. The invention itself both as to its or- 
ganization and method of operation, as well as additional 
objects and advantages thereof, will best be understood 
from the following description when read in connection 
with the accompanying drawings, in which: 

FIGURE 1 is a block diagram of the novel subcarrier 
oscillator; 

FIGURE 2 is a schematic diagram of the astable multi- 
vibrator shown in FIGURE 1; 

FIGURE 3 is a schematic diagram of the voltage regu- 
lator circuit shown in FIGURE 1; 

FIGURE 4 is a schematic diagram of the input buffer 
shown in FIGURE 1; 

FIGURE 5 is a schematic diagram of the start circuit 
shown in FIGURE 1; and 

FIGURE 6 is a schematic diagram of the amplifier 
forming a part of an output stage shown in FIGURE 1. 

Reference is now made to FIGURE 1 which is a sim- 
plified block diagram of the novel subcarrier oscillator of 
the present invention. As seen, the subcarrier 11 includes 
an oscillatory stage 12, an input buffer 14, and a voltage 
regulator circuit 16. The oscillatory stage 12 includes an 
astable multivibrator 18, an output stage 20, and a start 
circuit 22, with the stage 20 and the circuit 22 being con- 
nected to a terminal 23 which may he connected to a 
source of voltage such as -24 volts'! The voltage regula- 
tor source 16 is also connected to terminal 23 to receive 
the —24 volts therethrough, with the output of circuit 16 
being supplied to the input buffer 14 and to the astable 
multivibrator 18. The latter circuit also receives a starting 
signal from start circuit 22 while the output of the 
astable multivibrator is connected to the input of the out- 
put stage 20, the output of which is connected to an out- 
put terminal 25. The inputs and outputs of the input 
buffer stage 14 are respectively connected to an input ter- 
minal 26 and to the astable multivibrator 18. 

In operation, the multivibrator 18 provides an output, 
the frequency of which is related to the input from the 
input buffer 14, which is inturn a function of the input 
supplied through terminal 26 such as from a sensing de- 
vice or transducer 30, which may be thought of as a source 
of input signals. In order to minimize the affects of volt- 
age irregularities and temperature changes on the output 
frequency of the astable multivibrator IS, the voltage 
regulator circuit 16 is designed to regulate the —24 volts 
supplied thereto through terminal 23 and supply the input 
buffer 14 and the astable multivibrator 18 with highly 
regulated temperature compensated voltages. 

Also, the input buffer 14, as will be hereafter described 
in detail, includes a novel arrangement for compensating 
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for the effect of temperature variations on the operation 
of the multivibrator IS so that its output frequency is 
substantially only a function of the input signals from 
sensor 30. As is appreciated by those familiar with the 
art, the output of the multivibrator 18 is usually in the 5 
form of a square wave. This square wave output is sup- 
plied to the output circuit 20 which includes amplifying 
and filtering circuits to provide an output signal at output 
terminal 25 having predetermined sinusoidal character- 
istics of a frequency equal to the output frequency of 
multivibrator 18. 

Reference is now made to FIGURE 2 which is a sche- 
matic diagram of the astable multivibrator 18. As seen* 
it is a conventional astable multivibrator circuit IS com- 
prised of a pair of transistors 32 and 34 each having base,. 15 
emitter and collector electrodes, designated by B, E, and 
C respectively. The emitter electrodes of the two tran- 
sistors are connected to a point of reference potential such 
as ground, while the base electrodes of the two transistors 
are connected through resistors 36 and 38 to a terminal 20 
40 which is in turn connected to the input buffer 14. Also 
the base electrode of transistor 32 is connected to a ter- 
minal 42 through serially connected capacitor 44 and re- 
sistor 46 with the junction therebetween being connected 
to the collector electrode of transistor 34. Similarly, the 25 
base electrode of transistor 34 is connected to terminal 
42 through serially connected capacitor 48 and resistor 50, 
with the junction therebetween being connected to the 
collector electrode of transistor 32. Thus, the multivibra- 
tor 18 may be thought of as an astable multivibrator with. 30 
the base and collector resistors returned to different supply 
voltages. 

As is appreciated by those familiar with the art, the 
frequency of the voltage at the collector which has a 
square waveshape may be defined by the following ex- 35 
pression: 


i~\-Vc — V CEaafc" 

V B — Ube 


(1) 40 


where V B , V c , V C ssat> V B e> represent the base voltage, 
collector voltage, collector-to-emitter saturation voltage, 
and base-to-emitter voltage of the transistors 32 and 34, 
while R represents the resistive value of either resistor 36 
or 38 and C represents the capacitive value of either ca- 
pacitor 44 or 48, assuming equal resistive and capacitive 
component pairs. 

When the magnitudes of V C Esat and V BB are small com- 
pared to V B and V c , expression (1) reduces to: 


/= 

2 RC In 



( 2 ) 


Thus, the frequency of the astable multivibrator can be 55 
controlled by varying either V B or V c . However the fre- 
quency increases for more negative values of V B and de- 
creases for more negative values of V c . Since subcarrier 
oscillators used in standard telementry systems require in- 
creasing frequency with signal amplitude, in the present 60 
invention, V B , supplied from the input buffer 14 (FIG- 
URE 1) is used as the control voltage, while V c is a 
fixed temperature compensated regulated voltage supplied 
from the voltage regulator circuit 16. 

In order to improve the performance of the oscillator, 65 
it is desirable that V B be considerably greater than V c . 

The smaller the portion of the total exponential used in 
timing, the better the linearity. This is the reason for de- 
veloping a small voltage from the voltage regulator cir- 
cuit 16. On the other hand, V c cannot be too small or the 70 
output amplitude of the multivibrator 18 may be too 
small. In addition, small variations in VcEsat and 
V BS with temperature would cause proportional greater 
changes in the output frequency of the multivibrator. It 
is important that the collector voltage V c he highly regu- 75 
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lated since transients on this supply voltage would cause 
substantial frequency shifts. 

Reference is now made to FIGURE 3 which is a sche- 
matic diagram of the voltage regulator circuit 16, shown 
comprised of a transistor 52 having its emitter electrode 
E connected to the —24 volts through a resistor 54 while 
the collector electrode C of the transistor is connected 
through a temperature compensated Zener diode 55 to the 
ground potential reference. The base electrode B of the 
transistor is connected through a resistor 56 to the ground 
potential and through serially connected diode 57 and a 
temperature compensated diode 58 to the terminal 23 
through which the —24 voltage is supplied. Although 
Zener diodes are extensively used in the prior art to regu- 
late input voltages, it has been found that by using the 
arrangement shown in FIGURE 3 the voltage at the col- 
lector electrode of transistor 52 can be highly regulated 
and maintained at a constant value irrespective of con- 
siderable changes in the —24 input voltage. 

The collector current which is the same as the current 
in Zener diode 55 can be accurately controlled by adjust- 
ing the resistance of resistor 54 and thereby achieving an 
optimum temperature coefficient. As seen from FIGURE 
3, the collector electrode of transistor 52 is connected to 
the base electrode BE of a transistor 62, the collector elec- 
trode C of which is connected to the ground reference po- 
tential, with the emitter electrode E thereof being con- 
nected to terminal 23 through a resistor 64. The emitter 
electrode E of transistor 62 is connected to the input buffer 
14 to provide a regulated voltage thereto, as well as to one 
end of a resistor 66, the other end of which is connected 
to a base electrode B of a transistor 68 and to a resistor 
70. A diode 72 is connected between the other end of 
resistor 70 and the reference ground potential. The collec- 
tor electrode C of transistor 68 is connected to the —24 
volts while the emitter electrode E thereof is connected to 
terminal 42 (FIGURE 2) to provide a regulated, tempera- 
ture compensated collector voltage for transistors 32 and 
34 of the astable multivibrator 18. 

As seen from FIGURE 3, the emitter electrode of tran- 
sistor 62 goes to the input buffer and is uncompensated by 
one diode temperature coefficient, the diode being that 
designated by reference numeral 72. The voltage to the 
base electrode B of transistor 68 is reduced by the volt- 
age division accomplished by resistors 66 and 68. The volt- 
age to the base electrode and therefore the voltage at the 
emitter electrode E of transistor 68 is made to be quite 
small so that the value Vc as herebefore described is con- 
trolled to be small for the reasons hereinbefore given. The 
function of diode 72 placed in series with resistor 70 is 
to compensate for the base emitter temperature coefficient 
of transistor 68, thereby controlling the emitter voltage of 
transistor 68 to be almost completely independent of tem- 
perature variations, i.e. provide an almost completely tem- 
perature compensated V c voltage to the astable multi- 
vibrator. 

Reference is now made to FIGURE 4 which is a sche- 
matic diagram of the input buffer 14 (FIGURE 1), the 
function of which is to receive input signals via input ter- 
minal 26 from sensor 50 and provide temperature com- 
pensated signals to multivibrator 18. As seen from FIG- 
URE 4, the input buffer includes a transistor 82 having 
its base electrode connected to input terminal 26 with 
the collector electrode connected to the ground poten- 
tial reference. The emitter electrode of transistor 82 is 
connected through serially connected resistors 84 and 86 
to the emitter electrode of transistor 62 which forms a 
part of the voltage regulator circuit 16 (FIGURE 3) as 
herebefore described. The junction between resistors 84 
and 86 is connected to a gate electrode G of a field effect 
transistor 90. A drain electrode D of the transistor 90 is 
connected to a base electrode of a transistor 92 as well as 
to the source of —24 volts through a resistor 94. The 
source electrode S of transistor 90 is connected to the 
ground potential reference through a resistor 95 and to 
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the collector electrode of transistor 92, with the emitter 
electrode of transistor 92 being connected to the source of 
—24 volts through a Zener diode 96. The source electrode 
of field effect transistor 90 and the collector electrode of 
transistor 92 are connected through a variable resistor 98 
to the terminal 40 of the astable multivibrator 18 (FIG- 
URE 2), through which the base voltage V B is supplied 
to the multivibrator. 

Briefly, the input buffer 14 is designed to perform two 
basic functions. One function is to condition the input 
signal supplied to terminal 26 from the sensor 30 to the 
proper level and temperature coefficient, so that the signal 
supplied to the multivibrator through adjustable resistor 
98 from the input buffer controls the output frequency of 
the multivibrator to be substantially a function of the in- 
put signal from the sensor and practically independent of 
temperature variation within a predetermined tempera- 
ture range. Also the input buffer 14, by including the 
transistor 82, accounts for a high input impedance of the 
oscillator resulting in a minimum current loading of the 
sensor 30. Referring again to expression (1), it is seen 
that the frequency is a function of various voltage levels 
in the astable multivibrator. By differentiating this ex- 
pression with respect to the base voltage V B , one obtains 
the expression: 

a/ 1 r Vc-Vc*^ i 

dV B 2 RC L (Fb-Fbe) (Fb +Uc - F c E8at - U be) J 

1 “| 2 

v B J r V C — Vc E-g at — Fbe \ 

Vb — Vbb ) _ (3) 

Substituting expression (1) into expression (3), df/dV B 
may be expressed as : 

a/ r f ^ C-Vcs-t 1 

C>Vb " L ( I 7 B — U BE ) ( 1 7 B + V c — I 7 CE sal — I 7 BE ) J 

" 1 “ 

l n ( ’ v E ^ G ~~ ^ CE H al ~ I 7 be \ 

__ \ V B — V BE / ( 4 ) 

For small changes in V B about the center frequency 
base voltage, V B , the frequency change will be linear and 

J)/_ = _A/_ 

dVz AV b (5) 

Knowing the desired bandwidth then permits the determi- 
nation of the necessary base voltage change sensitivity. 

The voltage appearing at the gate electrode G of the 
field effect transistor 90 is a function of the input signal at 
terminal 26 from sensor 30, the voltage at the emitter 
electrode of transistor 62 (FIGURE 3) and the resistive 
voltage divider, comprising of resistors 84 and 86. The 
voltage at the emitter electrode of transistor 62 is essen- 
tially constant and for fixed values of resistors 84 and 86, 
the voltage at the gate electrode of transistor 9®, here- 
after referred to as the gate voltage, is then a function of 
the input signal voltage at terminal 26 hereafter desig- 
nated by V s . For minimum current loading of the sensor 
3®, the total emitter resistance may be selected as high as 
one megohm. With a conservative D.C. beta for transistor 
82 of thirty, the input impedance of the device may be as 
large as thirty megohms. This corresponds to a sensor 
load current of less than 250 nanoamperes. Thus, by 
utilizing transistor 82 and the resistive divider of resistors 
84 and 86, the input impedance of the novel subcarrier 
oscillator of the present invention can be made as large as 
thirty megohms, a value considerably greater than the 
typical input impedance of prior art subcarrier oscillators. 

Assuming that the gate source voltage of field effect 
transistor 90 to be constant, at constant temperature, the 
change in the voltage at the source electrode S of tran- 
sistor 90 which may also be thought of as the base voltage 
V B in the multivibrator will be the same as the change 
in the gate voltage V G . The change in gate voltage V G is 
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related to the change in the sensor input voltage at the 
input terminal 26 V s by the expression: 

5 AVb = AVg ^('R^T+R~) AVs (6) 

where R 84 and R 86 represent the resistive values of re- 
sistors 84 and 86 respectively. For a particular bandwidth 
of the subcarrier oscillator, the value AV b can be evalu- 
ated from expression (4). The values of resistors 84 and 
10 86 can then be determined. The voltage V B , applied to the 
base circuit of the astable multivibrator 18, is the gate 
voltage V G of field effect transistor 9® plus the gate-to- 
source voltage thereof. The gate-to-source voltage of the 
field effect transistor is essentially a function of the drain 
15 current for drain-to-source voltages greater than the 
pinch-off level. In the novel arrangement of the present 
invention shown in FIGURE 4, the Zener diode 96 in the 
emitter circuit of transistor 92 provides a reference volt- 
age, allowing the drain current to be controlled by con- 

29 trolling the resistive value of resistor 94. 

When selecting the field effect transistor 9® to be used 
in the input buffer 14 of the novel subcarrier oscillator 
of the present invention, the following two parameters 
need to be carefully considered: (1) the pinch-off volt- 
25 age, designated V P ; (2) drain current at zero gate-source 
voltage designated Idss* Contrary to the desired amplifier 
characteristics for a field effect transistor, the pinch-off 
voltage in the present invention should be large. This pro- 
vides a large base voltage V B , applied to the astable multi- 

30 vibrator 18 with the resulting improvement in frequency 
linearity with respect to input signal. The drain current, 
I D ss> is a function of the device geometry and is chosen 
to give the desired gate-source temperature coefficient at a 

^ particular drain current. The temperature coefficient that 
will give zero change in frequency over the operating 
temperature range is the value desired. The range over 
which the temperature coefficient may be varied for a 
P-channel field effect transistor is given by the following 
^ expression: 

Wg* dV P nV P T'/VT 
dt <1T 27 , 'V/dss ( ? ) 

where 

45 dV P /dT (8) 

is approximately two millivolts/ 0 C., and n being an 
empirical constant approximately equal to two and T is in 
degrees Kelvin. 

The amount of temperature correction that need be 
50 supplied by the field effect transistor 9® can be minimized 
by using temperature stable metal film resistors and glass 
capacitors. The effective diode temperature coefficient of 
the gate electrode field effect transistor 90 (FIGURE 4) 
compensates to a good approximation the base-emitter 
55 voltage variations of the two transistors 32 and 34 of the 
astable multivibrator 18 (FIGURE 2). On the other hand, 
the resistive value of drain resistor 94 (FIGURE 4) is se- 
lected to compensate for the collector-emitter saturation 
voltage variations of the transistors 32 and 34, the mis- 
60 match in the diode and base emitter temperature coeffi- 
cients and the residual component variations with tem- 
perature. A simple experimental technique for selecting 
the optimum value of drain resistor 94 is to plot the 
desired center frequency of the oscillator against the re- 
65 sistive value of resistor 94 with temperature as a param- 
eter. 

In order to insure proper starting of the astable mutli- 
vibrator 18, the subcarrier oscillator of the present inven- 
tion includes the start circuit 22 (FIGURE 1 ) which is 
70 schematically diagrammed in FIGURE 5 to which refer- 
ence is made herein. The start circuit includes a transistor 
102 having its emitter electrode connected to the ground 
potential reference and its collector electrode connected 
to terminal 40 (FIGURE 2) of the astable mutlivibrator 
75 18. The base electrode of transistor 102 is connected to 
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the junction point of resistors 104 and 106, with the other 
end of resistor 104 connected to the ground potential 
reference and the other end of resistor 106 connected to 
the terminal 23 of the —24 volts supply through a ca- 
pacitor 108. 5 

In actuality, transistors 32 and 34 of multivibrator 18 
and their base resistors 36 and 38 respectively are also a 
part of the start circuit 22. 

In order to assure starting when power is applied, it is 
necessary for the astabie multivibrator timing capacitors jq 
44 and 48 to become fully charged by the collector sup- 
ply, before the base voltage is applied. When the oscil- 
lator is turned on, transistor 102 is saturated and clamps 
the base voltage, V B , at ground reference potential through 
R 98 (FIGURE 4). After capacitors 44 and 48 have be- 15 
come fully charged, transistor 102 is cut off and unloads 
the base voltage line, allowing the circuit to operate. The 
time that transistor 102 is held on is determined by the 
time constant of resistor 106 and capacitor 108. The ratio 
of the resistance of resistor 104 to the resistance of re- 20 
sistor 106 is kept small so that transients on the supply 
voltage will not cause transistor 102 to begin saturating 
during normal operation. 

In reducing the teachings of the present invention to 
practice, it has been found that in response to an un- 25 
regulated input supply voltage of ±22 to ±32 volts and 
an input signal from source 30 varying between 0 to +5 
volts or —5 volts depending upon input power supply 
polarity, the input signal voltage to output frequency 
transfer characteristic was liner to ±0.1% of the oscil- 30 
lator’s bandwidth. The input power requirement was less 
than 125 milliwatts and the input impedance was greater 
than ten megohms at the center frequency. The center 
frequency was stable to ±0.4% over a temperature range 
—20° C. to -f-70 0 C. but within ±0.5% over all condi- 35 
tions. 

As is appreciated by those familiar with the art, the 
output of the astabie multivibrator 18, which is assumed 
to be the collector voltage at one of the transistors there- 
of has a square waveshape and is of a relatively low 40 
amplitude. In order to increase the amplitude of the out- 
put signal of the subcarrier oscillator of the present in- 
vention, as well as eliminate the need for symmetrical 
loading of the multivibrator’s collectors, a field effect tran- 
sistor amplified as schematically diagrammed in FIGURE 45 
6 to which reference is made herein, is used. The amplifier 
is assumed to form a part of the output stage 20 shown in 
FIGURE 1. The amplifier includes a field effect transistor 
112 having its gate electrode connected to the collector 
of either transistor 32 or transistor 34 of the multivibrator 50 
18 (FIGURE 2). The source electrode of field effect tran- 
sistor 112 is connected to ground potential reference 
through a resistor R s while the drain electrode of the 
transistor is connected through serially connected resistors 
R d and R t to the terminal 23 to which the source of —24 55 
voltage is coupled. The high input impedance of the junc- 
tion field effect transistor does not load the output col- 
lector with the degradation in frequency linearity that 
might otherwise occur. Thus the need to symmetrically 
load the collectors of the multivibrator 18 is eliminated. $0 
The gain provided by amplifier 110 may be expressed as: 

a Rr) 

l+g m R s (9) 

Resistor R x is a temperature sensitive resistor, such as a 65 
sensistor, and is used to minimize the output voltage 
variation due to temperature. The magnitude of the out- 
put voltage taken as the drain voltage of transistor 112 is 
set at the desired output level by varying the resistance 
of resistor R D . Thus, amplifier 110, in addition to provid- 70 
ing the desired amplification of the collector voltage or 
output of the multivibrator 18, also eliminates the need 
for symmetrical loading of the astabie collectors. 

Since in most communication applications, the output 
of each sitbcarrier oscillator used therein is sinusoidal, 75 
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and since the amplified output of amplifier 110 is still 
a square wave, it need be filtered to a sinusoid having a 
harmonic distortion level low enough to prevent loss of 
power in unwanted sidebands transmitted by the com- 
munications link. A total harmonic distortion level be- 
low one percent is generally considered sufficient. At low 
frequencies, below approximately ten kilocycles, the size 
of the passive inductors providing adequate Q becomes 
incompatible with the size and weight requirements of 
filters for space vehicles. In order to provide proper filter- 
ing at these frequencies, active RC networks are utilized. 
However, for frequencies above ten kilocycles, small high 
Q inductors can be obtained which lend themselves for 
conventional LC filtering arrangements. Any one of 
presently known filtering techniques whether active or 
passive networks may be employed to convert the square 
wave output voltage of amplifier 110 to a sinusoidal hav- 
ing the desired harmonic distortion level. It is appreciated 
however that regardless of the filtering arrangement used, 
the frequency of the sinusoidal output signal is the same 
as the frequency of the output of the astabie multi- 
vibrator, which is controlled by the signals supplied thereto 
from the sensor 30 through the novel input buffer herein- 
before described in conjunction with FIGURE 4. 

In one actual reduction to practice of a subcarrier os- 
cillator with a center frequency of 14.5 kilocycles, the 
components listed in the following table were used. 


Figure 

Component 

Type 

3 

FET 90 

Selected 2N269S (STJ316). 
Selected 2N260S (SU3loj. 

0 

FET 112 

9 

Transistor 32 

2N2946. 

9 

Transistor 34 

2 N 294.6. 

3 

Transistor 52 

2 N 2484. 

3 

Transistor 62 

2N2484. 

3 

Transistor 63- _ _ _ _ - . . 

2N2838. 

4 

Transistor 82 _ _ 

2N2184. 

4 

Transistor 92 

2N2484. 

5 

Transistor 102 

2 N 2838. 

3 : 

Zener Diode 55 

FSP 358-1. 

3 

Zener Diode 58 

FSP 358 1 . 

4 

Zener Diode 96 

1N1313. 

3 

Diode 57 

FD 300. 

3 

Diode 72 _ 

FD 300. 

9 

Resistor 36 

174K, metal film. 

9 

Resistor 38 

Do. 

9 

Renstor 46 

6.19 K, 1 % carbon film. 

9 


Do. 

3 

Resistor 54 

169K, metal film. 

3 

Resistor 56 

Do. 

3 

Resistor 64 

57 .6 K 1% car b o n fil m . 

3 

Resistor 65 

13.3 K, metal film. 

3 - . 

Resistor 70 

16.2 K, metal film. 

4 

Resistor 84 

Adjusted for proper frequency 



deviation, metal film. 

4 

Resistor 86 _ _ _ _ 

392 K, metal film. 

4 -- 

Resistor 94 

Adjusted for proper oscillator 



te mperature compensation, 



metal film. 

4 . . _ 

Resistor 95 

1S.2K. 

4 

Resistor 98 

Adjusted for correct center 



frequency, metal film. 

5 

Resistor 104 

2.2K, Carbon composition 5%. 

5 - 

Resistor 106 

10Tv, Carbon composition 5%. 

(5 ___ _ 

Ra 

6.49 K, 1%. 

(3 

R D 

Related 

6 

Rt 

Sensistor 6SOO. 

9 

Capacitor 44 

510 pf., 1%. 

9 

Capacitor 4S 

510 pf., 1%. 

5 

Capacitor 108 

50 v. 


Despite fluctuations in the input supply voltage from 
—22 to —32 volts, the output frequency of the amplifier 
110 (FIGURE 6) as a function of input signals varying 
from 0 to — 5 volts was linear within ± 1 % of the oscil- 
lator’s bandwidth. Also the center frequency at 14.5 kilo- 
cycles was stable to within 0.5% over a temperature 
range varying from — 20° C. to +70° C. The output 
voltage of the amplifier 110 was then filtered to provide 
a sinusoidal output signal with an output harmonic dis- 
tortion of less than 1%. 

The foregoing actual reduction to practice has been 
presented for explanatory purposes only, rather than as 
a limitation on the teachings disclosed herein. Further- 
more, although in the foregoing the invention has been 
described in connection with a negative power supply in- 
put voltage, it should be appreciated that the teachings 
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are similarly applicable to circuits using positive supply 
voltages. For operation with a positive supply voltage, 
the complementary circuit configuration is required, i.e. 
NPN transistors become PNP transistors and vice versa, 
P-channel field effect transistors become N-channel field 5 
effect transistors and all diode polarities are reversed. 
Operation of the only resistors which need be adjusted 
for proper operation of the sub carrier oscillators are re- 
sistor 84 (FIGURE 4) which is adjusted for the proper 
frequency deviation, i.e. proper bandwidth, resistor 98 
(FIGURE 4) adjusted for correct center frequency and A 
drain resistor 94 which is adjusted for oscillator tempera- 
ture compensation. Thus the problem of adjusting or 
trimming the subcarrier oscillator so that it operates in 
the desired bandwith and having the desired center fre- ] 5 
quency is greatly minimized. 

Summarizing briefly, the sub carrier oscillator of the 
present invention includes an astable multivibrator which 
comprises of a pair. of transistors regenerativeiy coupled 
and an. input buffer stage which provides temperature 20 
compensated base voltage supplied to the transistors of 
the astable multivibrator as a function of input signals 
from a source of signals such as a sensing transducer 
so that the multivibrator is temperature compensated and 
its output frequency is substantially only a function of 25 
the input signals. Basically the input buffer includes a 
field effect transistor with the input signal supplied to its 
gate electrode with the source electrode coupled to the 
base electrodes of the multivibrator transistors. The drain 
electrode is connected to an adjustable drain-current- 30 
control circuit which is adjusted to compensate for the 
collector-emitter saturation voltage variations of the mul- 
tivibrator as well as to compensate for the mismatch in 
the diode and base-emitter temperature coefficients and 
the residual component variations with temperature. Thus 35 
the field effect transistor in the input buffer can be thought 
of as a solid state temperature compensating element. 

The input buffer also includes a transistorized arrange- 
ment which accounts for the high input impedance of the 
subcarrier oscillator thereby minimizing the current load- 40 
ing of the source of input signals. The subcarrier oscilla- 
tor also includes a voltage regulator circuit, the function 
of which is to regulate the input supply voltage to pro- 
vide temperature compensated collector voltage to the 
multivibrator transistors. The voltage regulator circuit 45 
also provides a regulated voltage for the input buffer unit. 

The subcarrier oscillator may also include an output 
amplifier and filter stage to amplify the square shaped 
collector voltage of one of the multivibrator’s transistors 
and filter it to a sinusoidal frequency with a harmonic dis- 50 
tortion level below a predetermined level. 

It is appreciated that those familiar with the art may 
make modilcations in the arrangements as shown without 
departing from the true spirit of the invention. Therefore, 
all such modifications and/or equivalents are deemed to 55 
fall within the scope of the appended claims. 

What is claimed is: 

1. A subcarrier oscillator for providing an output fre- 
quency as a function of the amplitude of an input signal 
from a source of input signals; ~ 

first oscillatory means for providing an output fre- 
quency as a function of a voltage input signal sup- 
plied thereto; and 

input buffer means disposed between said first oscilla- 
tory means and said source of input signals, includ- 55 
ing a discrete component having predetermined ad- 
justable temperature sensitivity properties for receiv- 
ing the input signal from said source and providing 
said voltage input signal to said first oscillatory 
means whereby the output frequency is substantially 70 
unaffected by temperature changes, said discrete 
component being a field effect transistor having gate, 
source and drain electrodes, means for connecting 
said source electrode to said first oscillatory means 
to supply said voltage input signal thereto, input 75 
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means for connecting said gate electrode to said 
source of input signals to receive the input signals 
therefrom; and adjustable means connected to said 
drain electrode for adjusting the drain current 
through said field effect transistor to control the 
gate-source voltage characteristics as a function of 
temperature. 

2. The subcarrier oscillator defined in claim 1 wherein 
said input means includes a transistor having a first elec- 
trode connected to a reference potential, a base electrode 
connected to said source of input signals and a third elec- 
trode, said input means further including a resistive com- 
ponent and means connecting one terminal of said resis- 
tive component to said third electrode and the other 
terminal to the gate electrode of said field effect transistor. 

3. A subcarrier oscillator for providing an output fre- 
quency as a function of the magnitude of an input signal 
from a source of input signals comprising: 

an astable multivibrator including a pair of transistors 
each having emitter, base and collector electrodes 
regenerativeiy coupled in a multivibrator circuit for 
providing an output frequency as a function of the 
potential difference between the base and emitter 
electrodes of each of said transistors; and 

input means coupled to the base electrodes of said 
transistors and responsive to an input signal for ad- 
justing said potential difference so that the output fre- 
quency is substantially a function of the input signal 
over a predetermined temperature range, said input 
means including a field effect transistor having gate, 
source and drain electrodes, means for connecting 
said gate electrode to receive said input signal and 
means for coupling the base electrodes of said first 
and second transistors to said source electrode, and 
adjustable means coupled to said drain electrode for 
controlling the drain current in said field effect tran- 
sistor. 

4. The subcarrier oscillator defined in claim 3 includ- 
ing means connecting the emitter electrodes of said first 
and second transistors to a first reference potential, means 
connecting the collector electrodes of said first and sec- 
ond transistors to a second reference potential at a pre- 
determined potential difference from said first reference 
potential for providing collector voltage to said transis- 
tors, the source voltage at the source electrode of said 
field effect transistor being the base voltage of said tran- 
sistors, said adjustable means coupled to the drain elec- 
trode of said field effect transistor including a drain cur- 
rent control transistor having collector, base and emitter 
electrodes, means connecting the collector and base elec- 
trodes to the source and drain electrodes of said field ef- 
fect transistor respectively, an adjustable drain resistor 
connected between the drain electrode of said field effect 
transistor and a third source of reference potential and 
means coupled to said third source of reference poten- 
tial and the emitter electrode of said drain current con- 
trol transistor for controlling the potential at said emitter 
electrode with respect to the potential of said third source. 

5. The subcarrier oscillator of claim 4 wherein said 
input means includes high impedance means disposed 
between said source of input signals and the gate elec- 
trode of said field effect transistor for minimizing the 
current loading of said source. 

6 . The subcarrier oscillator of claim 5 further includ- 
ing voltage regulating means for providing temperature 
compensated collector voltage to said transistors, and a 
regulated reference potential to said high impedance 
means, said latter mentioned means including an input 
transistor, first and second resistors, means connecting said 
fi r st and second resistors in series between an emitter 
electrode of said input transistor and said regulated ref- 
erence potential, means connecting the junction between 
said first and second resistors to the gate electrode of 
said field effect transistor, the collector electrode of said 
input transistor being connected to said first reference 
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potential and the base electrode thereof being coupled to 
receive the input signal from said source of input signals. 

7. In a subcarrier oscillator of the type including an 
astable multivibrator having having a pair of regenerative- 
ly coupled transistors for providing output frequencies as 
a function of input signals from a source of signals an 
improved temperature compensation arrangement for 
minimizing the affect of temperature variation within a 
predetermined temperature range on the output fre- 
quencies of said multivibrator so that the output fre- 
quency thereof is substantially only a function of the 
input signal thereto, the arrangement comprising: 

an input buffer disposed between said source of input 
signals and said multivibrator and including a field 
effect transistor having gate, source and drain elec- 
trodes, means connecting said gate electrode to said 
source of input signals and said source electrode to 
said multivibrator, and adjustable drain current con- 
trol means connected to said drain electrode for com- 
pensating for the collector emitter saturation voltage 
variations of the pair of transistors of said multivi- 
brator by adjusting the drain current in said field 
effect transistor. 

8. The subcarrier oscillator of claim 7 wherein said 
adjustable drain current control means includes a drain 
resistor coupled between the drain electrode of said field 
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effect transistor and a voltage source, a transistor having 
base, emitter and collector electrodes, a Zener diode 
coupled between said emitter electrode and said voltage 
source, and means for coupling the base and collector 
5 electrodes to the drain and source electrodes of said field 
effect transistor. 

9. The subcarrier oscillator of claim 7 wherein said 
means connecting said gate electrode to said source of 
input signals includes an input transistor having base, 
jy emitter and collector electrodes, a pair of resistors con- 
nected in series between the emitter electrodes and a 
voltage source which is at a predetermined potential with 
respect to a reference potential, means connecting the 
gate electrode of said field effect transistor to the junction 
15 point between said pair of resistors and means for con- 
necting the collector and base electrodes of said input 
transistor to said reference potential and said source of 
input signals respectively. 
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